SUMMARY Polygraphic (including apexcardiograms and carotid pulse tracings) and M mode echocardiographic examinations were carried out in 34 symptomatic patients with Marfan's syndrome; similar studies were performed in 32 relatives and in 34 young patients with kyphoscoliotic disease. The purpose of these investigations was to determine the association between cardiac and oculoskeletal abnormalities and to identify specific patterns of disease with a poor prognosis.
A continuous series of 34 subjects with severe kyphoscoliosis, evaluated at the orthopaedic division of this hospital, were similarly examined. The group included 12 males and 22 females, mean age being 16-2±5-0 years (range 12-23) in males and 16-1±501 years (range 11-31) in females. Echocardiography and mechanocardiography were performed in all: in eight cases pharmacological tests (amyl nitrite, methoxamine) and cross sectional echocardiography were necessary to confirm the presence of mitral valve prolapse. Height and arm span were determined in all and metacarpal index in 20. None had ocular symptoms and the ophthalmological examination was not performed.
METHODS

Cardiac evaluation
The polygraphic tests were recorded with an ElemaShonander Mingograph 82 apparatus at a paper speed of 100 mm/s. Tracings were analysed independently by at least two cardiologists for the presence of systolic clicks and murmurs and diastolic regurgitant murmurs. Carotid pulse tracings were examined carefully, paying particular attention to the plateau and dicrotic notch and wave. In the morphological evaluation of the apexcardiogram particular attention was paid to the systolic plateau and to the a wave amplitude.
M mode echocardiograms were performed using a Smith Kline Ekoline 20 echocardiograph, with a 2-5 MHz piezoelectric crystal transducer (13 cm internal diameter). Tracings were recorded with a Honeywell strip chart fibreoptic instrument. The following indices were determined. (1) Aortic diameter (absolute value), which was considered increased in adults when it exceeded 37 mm. In subjects under 16 years it was always related to the body surface area. (2) Aortic diameter (related to the body surface area), which was considered increased in adults when it exceeded 22 mM/m2 body surface area. For patients under Skeletal evaluation Body height and arm span were considered abnormal if the span exceeded the height by cm.'3 Metacarpal index (ratio between the total axial length of the second, third, fourth, and fifth metacarpals of the right hand determined by x ray examination in the posterior anterior position, and the total width of the same metacarpals at their mid-points) was measured: the ratio of 8.4 20 patients. The a wave amplitude was increased in six (30%), four with aortic regurgitation and two with both aortic regurgitation and mitral valve prolapse. The systolic plateau had a normal configuration in 11 (55%), the mid-systolic notch being synchronous with the click in seven (35%) (Fig. 1) . A hypertrophic configuration (ogival shape) was seen in two cases.
Echocardiographic findings Abnormalities on the echocardiogram pattern were found in all patients with Marfan's syndrome. In 79% the intrapericardial aorta was considerably dilated ( Fig. 2 and 3 ). This percentage fell to 55% (Table 3) , however, when all three diagnostic criteria were applied. This finding was most prominent in male patients, even those under 16 years, thus confirming the observation" that in patients with Marfan's syndrome dilatation of the aortic root is prevalent in males. Anterior mitral leaflet fluttering indicative of aortic regurgitation (Fig. 4) was noted in 48%, mainly male patients older than 16 years, both associated with mitral valve prolapse and isolated (Tables 4 and  6 ). A clearcut echocardiographic picture of mitral valve prolapse was found in 79%, essentially charac- All patients with aortic regurgitation, isolated or associated with mitral prolapse. OnlY patients with mitral valve prolapse alone. Only patients with isolated aortic regurgitation. The number of patients with aortic dilatation is reported on the basis of two positive criteria (see text).
*Includes the patients with aortic dissection and aortic regurgitation.
. Patients are included with either increased metacarpal index or height span difference, or both.
:Patients classified as having probable or possible signs of Marfan's syndrome are included.
terised by pansystolic prolapse, with no clear age and sex difference (Table 5 ). Mitral valve prolapse was usually associated with echocardiographic changes typical of aortic root dilatation (Table 6 ). Dilatation of the left ventricle (Fig. 4) was present only in adults, almost all of whom were men with aortic regurgitation; one of these had aortic root dissection. This patient is included in the tables among cases with aortic dilatation and anterior mitral leaflet fluttering. Fig. 5 shows the typical pattern of aortic root dissection.'s 16 Left ventricular end diastolic diameter (mean 53+11.5 mm) was increased, both as an absolute value and corrected for body surface area, in 10 patients (34%), all of whom were adults-nine men and one woman.
One man had aortic dissection and aortic regurgitation, four men had both mitral valve prolapse and aortic regurgitation, three men and the woman ' 224 group.bmj.com on October 14, 2017 -Published by http://heart.bmj.com/ Downloaded from Cardiac, skeletal, and ocular abnormalities in patients with Marfan's sydrome and in their relatives (Fig. 2) . The data from the 18 patients on whom both polygraphic and echocardiographic examinations were performed are summansed in Table 7 . Table 1) showed mitral valve prolapse, aortic dilatation, and ocular abnormalities; the other girl under 16 years (number 9 in Table 1 ) showed mitral valve prolapse and skeletal alterations. Among men, abnormalities of all three systems were present in nine, whereas seven others showed skeletal and cardiological changes, and two others showed cardiological and ocular signs of the disease (one of these two (case 30 in Table 1 ) had an aortic dissection). Somatic changes typical of the syndrome were present in one patient (case 16 in Table 1 ), in whom span and metacarpal index were not measured; at echocardiography mitral valve prolapse and aortic dilatation with aortic regurgitation were present. Three women had changes of all three systems and another woman had skeletal and cardiological abnormalities.
RELATIVES (Table 8) Among the 32 relatives a mid-systolic click or systolic murmur, or both, was found on physical examination in 10 patients. In another, with aortic dissection, a diastolic murmur of aortic regurgitation was present, and in a further patient a pansystolic murmur of mitral regurgitation and diastolic murmur of aortic regurgitation were noted. Echocardiography showed mitral valve prolapse in eight of the 29 patients studied, and in three more mitral valve prolapse and aortic dilatation (one of these showed mitral valve prolapse, aortic dilatation, and aortic regurgitation); in one other patient (case 30 in Table 1 ) aortic dilatation and dissection and anterior mitral leaflet fluttering were found.
In two of the 20 relatives examined, ocular abnormalities, possibly diagnostic of Marfan's syndrome, were present. One of these had mitral valve prolapse and the other had aortic dissection. In seven of the 17 relatives in whom the metacarpal index was measured a value 38-4 was found; in four of these mitral valve prolapse was present.
PATIENTS WITH SEVERE KYPHOSCOLIOSIS ( Table 8 and Table 1 
